a-Halo thioesters undergo soft enolization and syn-selective direct aldol addition to aldehydes in the presence of MgBr 2 ÁOEt 2 and i-Pr 2 NEt to produce a-halo-b-hydroxy thioesters.
a-Halo-b-hydroxy carboxylic acid derivatives are useful intermediates in the synthesis of natural products. They are normally generated via aldol addition of a pre-formed enolate and an aldehyde.
1 While effective, the step-wise procedures required to generate the enolates are time consuming, particularly if trapping is involved, and require that all manipulations be conducted under anhydrous conditions and, when strong bases are used, at low temperature. In contrast, soft enolization 2, 3 provides a mild and straightforward approach to conducting enolate chemistry. Here, rather than forcing deprotonation with a strong base such as LDA, a relatively weakly basic amine is used in combination with a Lewis-acid to effect deprotonation. We have been investigating this mode of enolization with thioesters in the development of direct versions of certain fundamental carbon-carbon bond-forming reactions. 4 Given the efficiency and operational simplicity of these transformations, we sought to extend this approach to the synthesis of a-halo-b-hydroxy carboxylate derivatives. In what follows, we describe the development of a MgBr 2 ÁOEt 2 -promoted direct aldol addition reaction between a-halo thioesters and aldehydes using soft enolization, which produces a-halo-bhydroxy thioesters.
A practical concern associated with the proposed transformation is the possibility of competing Darzens reaction 1a,b,d,5 to produce the corresponding a,b-epoxy thioesters (Scheme 1). However, our previous experiences led us to believe that the magnesium aldolate intermediate would be sufficiently stable Scheme 1 Possible reaction pathways. Scheme 2 MgBr 2 ÁOEt 2 -promoted direct aldol reaction of a-bromo phenylthioacetate (2) with 2-naphthaldehyde (1). under the reaction conditions to prevent epoxide formation.
To test this, we attempted the aldol addition with aldehyde 1 and a-bromo thioester 2 under our soft enolization conditions 4 (Scheme 2). Gratifyingly, the desired a-bromo-b-hydroxy thioester (3) was formed rapidly and in excellent yield, with no indication of epoxide formation. We next examined the effect of the halogen substituent on the reaction. To do this, thioesters 2, 4, and 5 were combined with 1 and allowed to react for 5 min at room temperature, before quenching with acid (Table 1 ). In each case the desired product was produced in high yield, with a-chloro thioester 4 giving the best result. No appreciable difference in the diastereoselectivity as a function of the halogen was seen. Given the rapid nature of the transformations, control experiments were carried out with thioesters 2 and 4 in which the magnesium salt was omitted from the reaction mixture, but all other components were retained. After 72 hours, no aldol addition product was detected for the reaction involving 2, and only a trace (o5%) was formed when thioester 4 was used, confirming the importance of MgBr 2 ÁOEt 2 .
Having established the superiority of the a-chloro thioester in the addition reaction, we turned our attention to improving the diastereoselectivity. In pioneering work on the development of an anti-selective aldol addition, Heathcock and Pirrung showed that increasing the steric bulk of the ester component led to an increase in diastereoselectivity.
6 Thus, various a-chloro thioesters derived from more sterically-demanding thiols were examined ( Table 2) . As with the previous study, an increase in steric bulk did correlate to an increase in diastereoselectivity. However, in contrast, the syn-not the antidiastereomer was preferentially formed. Interestingly, a somewhat lower syn selectivity resulted for the more bulky a-chloro thioester 10 than for 9.
With effective conditions in place, the scope of the reaction was explored using thioester 9 and a variety of aldehydes ( Table 3 ). The transformation proceeded efficiently with aromatic aldehydes, including electron rich and deficient systems, and also proceeded well with the highly sterically-hindered aldehyde 18. Notably, when the reaction was carried out with an enolizable aldehyde possessing a single a-proton (19, entry 7), the aldol product was produced in good yield. Encouraged by this result, aldehydes 20 and 21 were tested in the addition reaction. Unfortunately, while the desired products did form (28 and 29, respectively), they were obtained in a relatively low yield due to competing aldehyde self addition.
In conclusion, we have developed a mild and efficient MgBr 2 ÁOEt 2 -promoted direct aldol reaction of a-chloro thioesters employing soft enolization. The transformation proceeds without competing Darzens addition, producing the a-chlorob-hydroxy thioesters in moderate to high yields with moderate to good diastereoselectivity. The reaction is effective in the case of an aldehyde having a single enolizable proton. Further studies will address the adaptation of this method to the use of aldehydes having two enolizable protons. 
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